Background: Many medications pose greater health risks when prescribed for older adults, compared with available pharmacologic and nonpharmacologic alternatives. We sought to quantify the frequency and cost of potentially inappropriate prescribing for older women and men in Canada.
I
n caring for older patients, particular attention to prescribing appropriateness is required because many medications pose greater health risks when prescribed for older adults, compared with available pharmacologic and nonpharmacologic alternatives. [1] [2] [3] [4] The use of such potentially inappropriate medications among older patients is relatively common and can lead to unnecessary hospital admissions and increase the risk of death. [5] [6] [7] Leaders in Canada's medical profession are taking increased action to help physicians and patients choose prescription drug treatments wisely. 8 Such clinical leadership is a critical step toward promoting more appropriate use of medicines in Canada. However, although medication safety has been identified as a strategic priority of the National Patient Safety Consortium, 9 Canadian governments have yet to invest in a large-scale, pan-Canadian strategy on prescribing quality.
The scale of required investments may be one of the barriers to implementing a comprehensive strategy for improving the quality of prescribing in Canada. Professional education and academic detailing, public awareness and patient education campaigns, and the development of electronic systems for prescription decision-making, monitoring and feedback all have the potential to contribute to better medicine use in Canada, but all come at considerable cost. 10 To help inform policy discussions regarding the costs and benefits of Frequency and cost of potentially inappropriate prescribing for older adults: a cross-sectional study quality-improvement initiatives, we sought to quantify the frequency and cost of prescribing of potentially inappropriate medications for older Canadians.
Methods

Study design and setting
This is a cross-sectional study of the frequency and cost of potentially inappropriate prescriptions for older women and men in 9 Canadian provinces. Populations studied included all residents aged 65 years or more. All of these people are covered under Canada's universal public health insurance system for medical and hospital care, which is run by the provinces but held to national standards -including universality, comprehensiveness and accessibility -by way of federal costsharing. Owing to a lack of such national standards for prescription drug coverage in Canada, public drug coverage differs across provinces in eligibility criteria, premiums, deductibles and copayments/coinsurance.
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Data sources
This study draws on data for 2013 from the National Prescription Drug Utilization Information System (NPDUIS) database, housed at the Canadian Institute for Health Information. We used 2013 data because they were the most recent NPDUIS data available for all participating provinces at the time of analysis. The NPDUIS database contains prescription claims from publicly financed drug plans in all provinces except for Quebec. These data cover the dispensing and cost of prescriptions filled by plan enrollees outside of acute care hospitals, which account for about 90% of the total pharmaceutical market inclusive of hospital purchases. 12 The NPDUIS database contains records of prescriptions for which at least part of the drug cost was accepted as an eligible cost by the public plan, either for payment by the program or as credit toward the program's deductible (if applicable). The NPDUIS data therefore exclude drugs not covered by provincial drug plans and patients not entitled to or registered for public drug benefits.
Variables
We identified the frequency and cost of potentially inappropriate prescriptions for beneficiaries aged 65 years or more covered by provincial drug benefit programs using the American Geriatrics Society's 2012 version of the Beers Criteria for potentially inappropriate medication use in older adults.
1 Drugs in the NPDUIS database were classified with the use of the fifth level of the 2014 version of the World Health Organization's Anatomical Therapeutic Chemical classification system. 13 We applied methods for implementing the Beers Criteria with Canadian data that were developed and described by the Canadian Institute for Health Information.
14 Appendix 1 (available at www.cmajopen.ca/content/4/2/E346/suppl/DC1) provides a summary of included medications.
All prescriptions meeting the Beers Criteria based on drug, dosage and duration were identified as potentially inappropriate. That is, some drugs on the Beers list are considered potentially inappropriate only if taken in a certain formulation (for example, chlorpropamide should not be taken if long acting) or if taken in excess of a specific dosage (e.g., reserpine dosages > 0.1 mg/d). One exception was insulin, which was not included in this analysis because it is considered potentially inappropriate only if prescribed to be taken on a sliding scale, which is impossible to determine from drug claims data alone.
We measured total costs of prescriptions using relevant fields in the NPDUIS data set, including ingredient cost and dispensing fees. Because most provincial drug plans for older people involve deductibles, coinsurance or copayments paid by enrollees, our cost estimates included public payment for the medicines in addition to payments made by patients. We extrapolated the per-enrollee cost of potentially inappropriate prescriptions among provinces with high NPDUIS data coverage to the national population of people aged 65 or more using Statistics Canada's population estimates by age and sex. 15 
Statistical analyses
For all medications on the Beers list combined and for the 20 most frequently used drugs on the list, we computed the period prevalence of provincial drug plan enrollees' filling 1 or more potentially inappropriate prescription, by province, sex and age, as well as the total cost of potentially inappropriate prescriptions filled by enrollees, by province, sex and age.
We report results for each province individually. However, to account for potential biases stemming from differences in the proportions of older adults eligible for public drug coverage between provinces (which, in turn, could reflect selection bias associated with public coverage targeted at more vulnerable members of the older population), we also report pooled results for provinces in which at least 85% of the population aged 65 or more is covered by the NPDUIS database. We refer to these provinces as high-data-coverage provinces with respect to the data used in this study.
There were small differences in the age profile of provincial populations aged 65 years or more and of public drug plan beneficiaries aged 65 or more. To test for bias in provincial reporting rates of potentially inappropriate prescribing, we compared crude and age-standardized results.
We performed all analyses using SAS version 9.2 and MS Excel 2013. This study was approved by the University of British Columbia's Behavioural Research Ethics Board. Table 1 shows the proportions of provincial drug plan enrollees aged 65 or more who filled at least 1 potentially inappropriate prescription in 2013. Proportions were highest in the provinces with more limited NPDUIS data coverage (New Brunswick, Nova Scotia, and Newfoundland and Labrador). Age standardization changed province-specific measures of overall rates of potentially inappropriate prescriptions by less than one-third of 1 percentage point (data not shown). In the 6 high-data-coverage provinces, 37.2% of older adults filled at least 1 potentially inappropriate prescription. The proportion ranged from 29.2% in Prince Edward Island to 40.7% in Alberta.
Results
A higher proportion of women (42.2%) than men (31.0%) filled potentially inappropriate prescriptions in the high-datacoverage provinces. The prevalence of such prescriptions increased with increasing age for women and men in all provinces. In the high-data-coverage provinces, the prevalence was highest among women aged 85 or more (47.0%).
The province-specific estimates of the cost of potentially inappropriate prescriptions per public drug plan enrollee are given in Table 2 . The cost was highest in the 3 provinces with limited data coverage. In the high-data-coverage provinces, the average cost was $75 (range $49 in Prince Edward Island to $88 in Manitoba). Like the patterns of prevalence of prescribing, the average cost of potentially inappropriate prescriptions was higher among women than among men and increased with increasing age. The average cost was highest among women aged 85 or more ($104). Table 3 shows the frequency of prescribing and cost of the 20 most frequently used drugs on the Beers list. Although there were differences in the most frequently used medications across provinces (data not shown), the overall totals reflected the pattern in most provinces with high data coverage. Benzodiazepines and other hypnotics were the leading contributors to both frequency and cost of potentially inappropriate prescriptions. These drugs, as well as some whose use is more prevalent among women (such as nitrofurantoin and estrogens), also accounted for most of the sex differences in frequency of prescribing and cost of potentially inappropriate medications.
Extrapolating the results for the high-data-coverage provinces to the entire population of Canadians aged 65 or more (including residents of Quebec and the territories), we estimated the total cost of potentially inappropriate prescriptions in Canada to be $259 million for women and $160 million for men, for a total of $419 million (Table 4 ).
Interpretation
We found that filling prescriptions that are potentially inappropriate was relatively common in 2013 among public drug plan enrollees aged 65 years or more from the 9 provinces participating in the NPDUIS database. For the 6 provinces with relatively complete data coverage (British Columbia, Alberta, Saskatchewan, Manitoba, Ontario and Prince Edward Island), 37% of older people filled at least 1 such prescription. We also found that a higher proportion of women than men filled potentially inappropriate prescriptions, at greater total cost, and that the frequency of Our estimates concerning the frequency of and sex differences in prescribing of potentially inappropriate medications are consistent with other Canadian estimates and those from other countries. 5, 6, 14 Our cost estimates are lower than a population-based estimate from Ireland: using a different criterion for identifying potentially inappropriate prescriptions, Cahir and colleagues 16 found potentially inappropriate medications cost about Can$160 per person aged 70 years or more in 2009-2010. The differences in cost estimates likely stem from a variety of factors, indulging differences in the methods used. The Irish study focused on a slightly older population than ours and used a criterion -the Screening Tool of Older People's Potentially Inappropriate Prescriptions (STOPP) criterion -that included analyses of diagnostic information to identify cases of potentially inappropriate use of otherwise appropriate medications. Because the NPDUIS data are not linked to medical and hospital records, we could not identify diagnosis-specific cases of potentially inappropriate medication prescribing.
Our estimates account only for the direct costs associated with potentially inappropriate prescribing. Fu and colleagues 17 estimated the incremental health care expenditure attributable to the use of such medications by older Americans in 2001 to be US$749. With adjustment for exchange rates, inflation and the relative cost of US health care, this is equivalent to a cost of Can$675 per older Canadian exposed to potentially inappropriate prescriptions in 2013. Combining this estimate with the exposure rates found in our study, we estimate that the indirect health care costs attributable to potentially inappropriate prescribing among older Canadians would be about $1.4 billion in 2013. Many of these indirect costs are associated with the adverse effects of inappropriate medications, such as the increased risk of falls, fractures and hospital admissions attributable to older adults' use of benzodiazepines, 18 which we found to be among the most frequently used Beers list drugs in Canada.
Limitations
Our study is limited by the availability and quality of data on prescription drug use in Canada. The NPDUIS data set is a pan-Canadian repository of available public claims data; however, it includes data only for enrollees in public plans and captures only drugs approved for reimbursement under public plans. We therefore estimated national averages using observations from the 6 provinces with reasonably complete data coverage (85% or more) for older populations.
Our results underestimate the frequency and cost of prescribing of potentially inappropriate medications not included in provincial formularies and therefore not approved for coverage or as a contribution toward the deductible of beneficiaries of public plans. The most notable impact of this limitation concerns zopiclone, which is not on the formulary in Saskatchewan or Ontario and is thus not included in the NPDUIS data for those provinces. Market research data indicate that older patients in Saskatchewan and Ontario filled about $16 millions' worth of prescriptions for zopiclone in 2012-2013, paid for either out of pocket or through private insurance. 12 If we assume that the rate of potentially inappropriate prescribing of zopiclone among older patients in Saskatchewan and Ontario was comparable to the rate in British Columbia -a conservative comparator because British Columbia restricts zopiclone coverage -2.2% of older people in Saskatchewan and Ontario would have been exposed to such potentially inappropriate prescriptions, at a total cost of about $8 million.
The NPDUIS data are not linked to the medical and hospital records commonly used to infer health status in analyses of administrative health care data. We therefore could not implement the subset of the Beers Criteria that is conditional on specific medical conditions. To limit the potential for overestimating exposure to potentially inappropriate prescriptions, we included only drugs that the 2012 Beers Criteria suggest should always be avoided. 1 The exposure rates measured in this study therefore do not account for diagnosis-specific cases of prescribing of potentially inappropriate medications.
Finally, our measure of potentially inappropriate prescribing is based on prescription dispensations. Although dispensation of prescribed drugs is not equivalent to consumption of the medicines, it is likely that most patients who invest the time and out-of-pocket costs necessary to have prescriptions filled do so with intent to consume the drugs. Moreover, as some prescriptions are written but not filled by patients, this measure is arguably an understatement of the extent of potentially inappropriate prescribing for older Canadians.
Conclusion
We found evidence of frequent dispensation and considerable cost of potentially inappropriate medications among older men and women across Canada. With more than 1 in 3 older people filling at least 1 prescription meeting the Beers Criteria for drug type, dose and duration, we estimate that the total cost of these medications in 2013 was over $400 million. Attributable health care costs resulting from inappropriate medication use could be several times greater.
As the causes of inappropriate medicine use are many and complex, the solution to the problem requires action that is multipronged and well-coordinated within and across jurisdic- tions. Such a strategy will not come cheaply. NPS MedicineWise, the agency that coordinates Australia's national strategy on quality use of medicines, has an annual budget of about Can$47 million; however, it generates direct savings to the public drug plan of Can$67 million. 19 Our findings suggest that if a similar investment in Canada were to generate a 10% reduction in the prescribing and cost of potentially inappropriate medications among older adults only, the investment would likely be more than offset by health system savings while simultaneously generating major benefits to patient health.
